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Interpreting the RAREP 

I - INTRODUCTION 

The ~ utilization of radar intelligence is dependent on 
several factors. Two of -the most important are: (1) the 
ability to communicate a three-dimensional description of the 
radar returns; (2) the ability of the "user" to interpret these 
reports in terms of meteorological significance, based on a 
thorough understanding of the radar's capability and limitations. 

A great deal of study has been given to the problem of radar data 
communication. _ The problems are many, and we recognize that a 
few of the procedures currently in use fall short of conveying 
desired radar intelligence. However, new techniques and commun­
ications systems are currently in the development stage which will 
add materially to our capability to camnuilicate radar data. In 
the interim, it behooves us to gain a better understanding of 
reporting procedures and how to interpret the radar report to 
achieve maximUII1 information. 

In this discussion, the techniques involved in the preparation 
of the SD or RAREP code will be described along with how they 
should be interpreted in light of the capability and limitation 
of the WSR-57 radar system. A complete detailed description of 
radar-reporting procedures is contained in the Weather Radar 
Surveillance Manual.y 

II - THE RAREP CODE 

All WSR-57 radar ·stations, whether reporting on RAWARC* or directly 
on the Service A teleprinter circuit, are required to report radar 
data in coded form in accordance with instructions contained in 
the Weather Radar Surveillance Manual.l It is important for the 
user to be able to interpret these messages and to know the format 
of the message since some of the data are identified only by their 
position in the message. It should be helpful, therefore, if we 
take each element of the radar report (RAREP) and discuss it in 
order of its occurrence. Figure (1) is a condensed explanation 
of the RAREP code. In the Western Region, AZRAN points have been 
replaced by geographical locations in the RAREP. 

* Internal Weather Bureau RAREP and Warning Coordination System 

--- --~---------- ----
----~---- --- --~---
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a. Time of Observation 

Because of the nonexistence of a RAWARC circuit at most of our 
stations in the Far West, radar stations must file their radar 
reports directly on Service A. Regularly scheduled radar reports 
(SD's) are filed at the H+20 scan period. When circuit time 
permits, specials are filed at H+40. Radar reports are made only 
when echoes are actually observed on the scope; otherwise, radar 
status reports are filed at three-hourly intervals at synoptic 
times. The time ascribed to the SD report is the time the last 
entry is made. The radar meteorologist plans his observation 
in light of its complexity to ensure delivery to the communicator 
by no later than H+l5 minutes. The radar report can take as 
long as 15 minutes to prepare. Normally, the report is prepared 
as close to the hour as possible so as to be comparable with 
visual airway or synoptic observations. The user must be cognizant 
of the fact that since this observation is not filed until H+20, 
the report may be.as much as 30 minutes old before he receives 
it. 

It should be emphasized at this point that while it is important 
to know the exact time of the observation, the time delay due to 
communication is not a critical factor in most instances. The 
exception, of course, would be when reporting severe weather. 
In this case, other means of communication are utilized. The 
user should remember that the RAREP represents an instaneous 
depiction of the mesoscale precipitation pattern with elements 
in all stages of development. Because of the constantly moving 
elements and their highly perishable nature, one could not be 
sure of their location or existence even a few minutes after 
observation time. The maximized use of radar intelligence does 
not lie in its capability to pinpoint weather elements, but rather 
in its use in combination with other information to increase 
our knowledge of the current synoptic situation and hopefully 
provide better prognoses, at least on a short-term basis. 

b. Character of Echoes 

.-

The character of the precipitation echoes in the RAREP is described • 
as: CELL, AREA, LINE OR LAYER followed by a symbol indicating 
the coverage by echoes in the area or line designated. The 
symbol for the amount of coverage is used in the same manner as } 
the sky symbols used in aviation weather reports; i.e., <D = 1/10 
to 5/10, <II)= 6/10 to 9/10, ~ = 10/10. An exception is the use 
of the word WIDELY to indicate less than 1/10 coverage. {see Fig. 1) 

J 
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Before proper interpretation of these data can be made, the user 
must have an understanding of what the radar is capable of detecting. 
The WSR-57 radar system has been designed to operate on a lOcm 
wavelength. Normally lOcm radar will not receive back scatter 
from cloud droplets. Therefore, echoes detected and reported in 
the RAREP are actually raindrops or ice particles. An exception 
to this may occur with very wet clouds at close range. 

The user should be aware that an area or line reported as scattered 
or broken may be, and most probably is, associated with extensive 
cloud systems. This fact becomes very important when briefing 
pilots fran radar data. The user cannot imply that VFR conditions 
exist between echoes in areas reported as scattered or broken. 

Another factor which must be considered when making interpretations 
of the character of the echo is the propagation of the radar beam. 
Figure 2 shows a typical radar-beam pattern. Radar propagation 
is essentially line-of-sight curving slightly due to atmospheric 
refraction. Assuming standard atmospheric refraction, the beam 
bends with a radius of curvature of 1.33 times that of the earth's 
radius. It can be seen that the radar beam has an apparent rise 
above the earth's surface with range. Therefore, the greater 
the distance from the radar site, the higher above ground will 
be the radar sampling volume. The precipitation detected at these 
elevated levels may not be representative of precipitation at 
ground level. In fact, the precipitation may not be reaching 
the ground at all. Precipitation aloft detected in this manner 
is report~q in the RAREP as a "LAYER" with the top and base 
included.Y 

The apparent rise in elevation of the radar beam with range also 
results, quite often, in reporting "Coverage" ( ([) or ®) somewhat 
less than that which actually exists. A solid rainshield at 
ranges beyond 100 miles may appear on the radar scope as broken 
or scattered. This is because the radar beam is passing above 
most of the precipitation with only the higher cells reaching 
up into the radar beam. This situation sometimes occurs with 
cold winter-type storms whose tops reach to only 16,000 to 20,000 
feet. The term applied to this situation is called "overshooting". 

Overshooting is particularly troublesome when attempting to fore­
cast the cessation of precipitation. It cannot be determined in 
all ·cases that the back side of the precipitation shield is 
being seen by radar. It may only appear to be seen, due to 
overshooting of the radar beam. Oftentimes the experienced radar 
meteorologist can determine whether the radar beam is overshooting 
or actually detecting the back side of the storm, in which case 
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he will usually add remarks to this effect in the RAREP. The 
user should avoid drawing conclusions regarding the areal extent 
of large precipitation patterns based on data derived from the 
SD report unless remarks to these effects have been included. 

c. Type of Precipitation 

The distinction between showery and continuous-type precipitation 
is easily made by the radar with a high degree of accuracy. Each 
type has very definite characteristics when viewed on the PPI* 
or RHI** scopes. These are reported in the RARFP as R or RIV in 
the case of rain and rain showers and S or SW for snow. 

d. Thunderstorms 

The determination of the occurrence of a thunderstorm cannot be 
made with absolute certainty from radar returns alone. The 
ionized path of lightning discharges has been detected by various 
radars, including the WSR-57; but these have been very rare 
events requiring constant vigilance and considerable luck. 
However, through careful analysis of individual echoes with 
regard to their intensity and height, statistical probabilities 
can be agplied. For example, a study conducted at Missoula, 
Montan~ showed that about 80 percent of the echoes observed 
between 40 and 200 nm of the station in the moderate and strong 
category were associated with thunderstorms. In the Midwest2/ 
studies showed that about 80 percent of echoes in the strong 
category and about 50 percent in the moderate category were 
thunderstorms. Of the echoes indicating a radar height of 40,000 
feet, 85 percent were thunderstorms; and of the echoes with heights 
between 30,000 and 40,000 feet about 60 percent were thunderstorms. 
When reporting a thunderstorm based on these types of data, the 
radar meteorologist will generally include in the remarks portion 
of the RAREP, 11 PRBL TRW". Fortunately, the radar meteorologist 
has other information available to him such as aviation surface 
reports, pilot reports, and various other reporting networks 
such as the Forest Service or State Forest Agencies from which 
he can glean reports of thunderstorms or hail which he can 
relate to the radar returns. 

* PPI - Plan Position Indicator 
** RHI - Range-Height Indicator 

.-
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e. Hail 

It is not possible to distinguish hail using radar returns alone. 
However, researchers have established an empirical relationship 
between the occurrence of hail and storm reflectivity in the 
strong category~. The user should be alert to the possibility 
of hail in association with echoes reported as TRW+. The radar 
meteorologist will append a suitable remark to the RAREP if hail 
is known to exist with certain echoes. 

f. Intensity 

The intensity assigned to a radar echo is determined by the radar 
meteorologist employing an objective method based on an empirical 
relationship between radar reflectivity and rain intensity. In 
order that the user may make most effective use of these data 
it is necessary to have some idea of the physical principles 
involved. Basically, the radar transmits a very short burst of 
energy, then listens for that small portion of the energy back­
scattered from the target. The power received from the target 
is a function of the radar design parameters and the reflective 
qualities of the target. In the case of precipitation targets, 
it has been shown theoretically that the power which is back­
scattered to the radar antenna is propor~~onal to the summation 
of the sixth power of the drop diameter.21 This is expressed 
maijhmatically in the fonn: Z = o6, where Z is radar reflectivity 
mmbrn-~.* The average power received by a radar system from a 
precipitation target is given by the following equation: 

pt c z 
p; = -'------ (1) 

r2 

This equation states that the average power received (~r) is 
directly proportional to the power transmitted (Pt), the radar 
constant (C) and the precipitation reflectivity (Z) and 'is 
inversely proportional to the square of the range (r). Included 
in the radar constant (C) are the radar design parameters such 
as antenna gain, vertical and horizontal beam width, pulse length, 
wavelength and a term for the complex index of refraction. 

Solving for radar reflectivity, equation (1) becomes: 

* mm -millimeter 
m - meter 

---------------------
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(2) 

The final step is to relate the radar reflectivity derived from 
equation (2) to rainfall rate (R). Over the past 15 years, 
numerous studie~~ave been conducted to establish the relation­
ship of Z to R.21 Many factors are known to affect the Z-R 
relationship, such as drop size and type of precipitation. 
For example, a few large drops can produce reflectivity values 
as great or greater than many small droplets. 

Equation (3) proposed by Marshall and Palmer is considered to be 
representative for most rains and is used by the U.S. Weather Bureau. 

Z = 200R1.6o 

where Z is in mm6 /m3 and R in mm/hr. 

(3) 

In the theoretical derivation of radar echo intensity a number 
of assumptions are necessary. It is not within the scope of this 
discussion to mention all of them, but we should point out the 
more important ones and how they may affect the interpretation ~.) 
of these data. In equation (l) the power received {Pr) is · 
inversely proportional to the square of the range {r2). This is 
an important assumption since it implies that the meteorological 
target completely fills the radar sampling volume. In actual 
practice the meteorological target does not always fill the beam, 
particularly at extended ranges {See Figure 3). The range attenua­
tion factor in the radar equation for a point target would be _1_ • 
Therefore, for a precipitation target, partially filling the r4 
radar beam might conceivably result in an attenuation factor of _1_ 
or some other variation of the exponent. The net result is r3 
generally an under-estimation of echo intensity at extended ranges, 
particularly when the echoes are of limited vertical extent. 
Because of this intensity error at extended ranges, radar inte~~ity 
measurements are not made at ranges beyond 125 nautical miles.±! 
Often the effects of overshooting or partial beam filling occur 
well within the 125-mile limitation; the user should be cognizant 
of reported storm heights and exercise his judgment accordingly. 

.· 

For example, winter storms approaching the West Coast of California ' 
are often quite shallow, having tops to 12,000 or 16,000 feet 
resulting in a radar intensity classification of weak when in fact 

--- --- ---~--- ~--~-~~--- -~~ 
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it may be moderate. While the Z-R relationship expressed in 
equation (3) is probably representative of most rains, it is 
based on assumptions which do not always occur in nature. For 
example, the target is assumed to be compri~~d of liquid, spherical 
rain drops of average size and distributio~. Actually the 
sampled volume may be comprised of large flattened droplets or 
water-qoated ice spheroids or any combination of these. The 
reflectivity or scattering properties vary considerably with the 
precipitation state. Snow reflectivity is very complex and is 
not clearly established. Therefore, intensities from snow 
echoes are not determined and are reported in the RAREP as unknown 
(U) regardless of range. 

In spite of these problems, the radar can and does give us a 
reasonably good estimate of storm intensity to a range of 125 
nautical miles. The present method of classifying radar intensity 
in five categories (very weak, weak, moderate, strong and very 
strong) has been fairly well correlated with weather types and 
precipitation intensities 2,3,5,6/. 

Particular emphasis has been placed on the correlation of radar 
storm reflectivity with the occurrence of severe weather. Radar 
echoes reported in the "strong" category correlate rather highly 
with the occurrence of thunderstorms, hail and damaging winds. 

The use of the radar intensity data often leads the user to some 
conclusions or assumptions that are not necessarily true. We 
should like to call your attention to them: 

1. The radar intensity classifications, while related to theore­
tically derived rainfall rates, do not correspond directly with 
precipitation intensity reported in regular surface observations. 
The criteria for surface observations and radar are shown below; 

Surface Observations(Cir. N) 

R-- Very light 
R- Light 
R Moderate 
R+ Heavy 

less than .01 in/hr 
.01 to .10 in/hr 
.10 to .30 in/hr 
more than .30 in/hr 

Radar 

R-- Very weak ;oo01 to .01 in/hr 
R- Weak .01 to .10 in/hr 
R Moderate .10 to 1.00 in/hr 
R+ Heavy 1.00 to 5.00 in/hr 
R++Very Heavy more than 5.00 in/hr 

2. The probability that the radar intensity will correspond with 
raingage data directly under a given echo is not high. There are 
several reasons for this: 1. The radar beam is sampling at some 
distance above ground level. Due to fall velocity, coalescence, 
trajectory and evaporation, there can be quite a difference between 
the radar estimation and the precipitation caught at ground level. 

----- --------
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2. The radar estimate is an instantaneous reading and is inte­
grated over a large sample volume while the raingage samples about 
a square foot over many hours. 

In summary, radar can provide an estimate of storm intensity, based 
on theoretical and empirical relationships, in five categorie2 1 operationally useful to the user. Recent work by researchers~ 
show, that point rainfall.estimates are within a factor of 2 when 
compared to raingage measurements. Hopefully the day will come 
when radar will provide precise rainfall measurements; however, 
at present a more realistic view is to use radar to augment 
raingage networks. 

g. Tendency 

Tendency is reported in the RAREP in the manner shown in Figure 1. 
While perhaps this section of the code is self-explanatory, some 
clarifications are necessary. Tendency data is based on change 
and rate of change of the radar reflectivity. Technically it has 
nothing to do with the hourJ;yincrease or decrease in the number 
of echoes. In some instances, it becomes quite difficult for the 
radar meteorologist to be completely objective in the determin­
ation of tendency. These situations occur when there are a 
large number of report.ed cells. It is impossible to measure 
the reflectivity of each cell and compare it with the reflectivity 
of the previous hour. In these cases a representative sample 
is measured and applied to the entire area. Important cells 
with strong or very strong returns are usually reported separately, 
in which case the tendency applies to the individual cell. 

The tendency data.in the RAREP has proven to be most useful to 
the user since it reflects the dynamics of the situation. Fire­
weather forecasters and fire dispatchers make particular use 
of these data in airmass thunderstorm conditions. 

h. Location 

The location of the echoes is given several ways, depending on 
the type or configuration of the echoes. 

1. Area - An area is bounded by the minimum number of 
points necessary to include the echoes and, at the same 
time, show in as much detail as possible the area affected. 
Such an area may have another area reported within it to 
describe important smaller features. Lines may also be 
reported within the boundaries of a larger area. 

) 

.-

.) 
•. 
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2. Line -- A line on the radar scope is regarded as an 
echo configuration which is at least five times longer 
than it is wide. These lines are reported by giving 
the end points of a line through the axis and the width 
of the line. When the line is curved, additional points 
will be given along the axis. 

3. Cells -- In the case of particularly important cells, 
or when there are only a few on the scope, the radar 
meteorologist will code them separately. In this case, 
the location will be the center of the cell. The dia­
meter of the cell follows the location point. For 
instance, DlO means diameter 10 nautical miles. 

The area of echo coverage represents only that area of the storm 
located within the radar range of detection. Therefore, the 
radar sees only a portion of the synoptic scale weather pattern. 
Radar is a mesoscale tool and should.be used in conjunction with 
other synoptic scale data. When used carefully, radar can provide 
important input to the synoptic scale analysis. 

i. Echo Movement 

Determining the movement of various echo patterns or cells can 
be quite difficult at times. The problem is compounded by meso­
scale circulations superimposed on synoptic scale circulations, 
as well as the effects of propagation and terrain. To illustrate, 
Figure 4 shows such a complex problem. Included on Figure 4 is 
an example of the RAREP that would accompany this situation. 
Note how the radar meteorologist has reported the various move­
ments. In that portion of the report dealing with the line, the 
first direction and speed (3010) refer to the movement normal 
to the line (300 degrees at 10 kts.). In the remarks section 
the direction and speed of the elements or cells are reported 
2415 (240 degrees at 15 knots). The movement of the line is based 
on successive position over a period of one to several hours, 
depending on the persistence of line. The movement of the 
elements or cells is based on a much shorter time interval since 
individual cells are forming and dissipating along the line and 
have a life expectancy of less than an hour. 

In the case of the AREA, the cells are moving 2415 but the area 
itself is stationary. This situation occurs frequently on the 
windward slopes of mountains such as the Sierra Nevada. Echoes 
forming in the foothills move to the ridge and dissipate, having 
a net result of cell movement within a stationary area. This same 

·-·--·-·-----
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situation also develops when the echo area is very large covering 
the entire area of radar detection. Cells moving into the surveil­
lance area on one side and exiting on the other would result in 
a report of stationary area with cell movement. 

Considerable work has been done in attempting to correlate echo 
movement with wind fields at various levels. A study of the 
movement of conv79tive activity over Northern and Central California 
by Benne~ et al~ points out the important role terrain plays in 
the speed and movement of cells. Cell movement in this area was 
found to conform rather closely with the upper-wind flow. Lines 
and areas generally moved in the same direction as the broad-
scale features •. Studies by J. Osborne, et al, of convective 
cells over the Northern Rockies show a high correlation (.91) 
between the 14,000 ft winds and convective cells, with a mean 
angular deviation of J.8 degrees. Speed of movement also corre­
lated highly with the 14,000 wind speed yielding a correlation 
coefficient of .75 with a mean deviation of 4.5 knots. 

Certainly the effectiveness of radar as a short-term forecasting 
tool would be enhanced if echo movement could be predicted with 
100% accuracy. Unfortunately, due to the complexity of the problem, 
this cannot be done. Terrain effect, life expect~~cy and propagation 
all have a profound effect. On the very short-term (less than one 
hour) basis, pure extrapolation based on current velocity provides 
the most reliable prognoses. On the longer-term basis, 2 to 3 
hours, other considerations have to be taken into account such 
as synopJ:::i,c climatology, local topography and the synoptic situation. 
Petersen§! in v/eather Bureau Technical Note No. 17 has compiled 
objective aids to predict echo movement with particular emphasis 
on work done by Newton and Frankhauser. Technical Note 17 is 
recommended readihg for all users of radar data; 

.i. Echo Tops 

The top of the precipitation column is determined by vertically 
scanning the precipitation area. The target is displayed on the 
Range-Height Indicator (RHI Scope) where the top height measurement 
is read off to the nearest 1000 feet. The height-finding capability 
is limited operationally to 100 nautical miles range. This is 
due mainly to the very large change in height which occurs beyond 
this range with very small changes in elevation angle. Therefore, 
height measurements are not made on echoes beyond 100 nautical mile 
range from the radar. It should be remembered that the radar 
top refers to the vertical extent of the precipitating column 
within the cloud. The visual cloud top can, and most often does, 
extend above this precipitating column. In practice the user 
should assume 1000 to 1500 ft. for the difference between the visual 
top of the cloud and the radar top. 
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As is the case in reporting echo intensity, echo top measurements 
are onzy a sampling. Time will not permit the measurement of 
every echo display on the scope. As a rule the top measurement 
included in the RAREP is the maximum top observed. Occasionally 
the radar meteorologist will report "average tops" or give a 
range of tops, e.g., TOPS 150-200. 

k. Bright Band 

Frequently the radar report will include the contraction "BRGT 
BAND" followed by two figures designating the elevation of this 
phenomenon. Bright Band data is not always included since the 
Bright Band is onzy observed during relatively stable conditions 
and seldom beyond 25 nautical miles from the radar site. The 
Bright Band is observed on the radar RHI Scope which displays 
the vertical profile of the target. It appears as a narrow band 
of intensified radar signal a short distance below the 0° C 
isotherm. This phenomenon is caused by several factors associated 
with the changing of frozen precipitation to liquid water droplets. 
Briefly, frozen particles such as snow and small ice particles 
reflect 1/5 the radar energy that liquid water droplets reflect. 
As these particles fall through the oo C isotherm they begin to 
melt and become water-coated. At this stage their reflectivity 
is considerably higher. As they continue to fall and change 
to liquid spheroids, their fall velocity is increased resulting 
in less reflectivity immediately below the Bright Band. The net 
result is a narrow band of high radar reflectivity through the 
melting layer. Perhaps from the user's standpoint it would have 
been better had this phenomenon been called the "Melting Layer" 
rather than Bright Band. 

There are several applications of Bright Band data: 

1. Ey compensating slightly for fall velocity, a fair deter­
mination of the altitude of the oo C isotherm can be made. 

2. A local study conducted by the WBO, Sacramento, California 
revealed a high correlation between the base of the Bright 
Band and the snow level in the surrounding mountains. 

3. The occurrence of the Bright Band is indicative of stable 
conditions. This phenomenon is seldom observed during 
the growing process of convective storms since vertical 
currents cause the melting process to be mixed through 
too deep a layer. Sometimes the Bright Band will be observed 
during the dissipating stage of convective storms. 
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4. Bright Band data can be very useful to the hydrologist 
since it provides real-time information regarding the 
changes in the freezing level. This becomes very important 
in mountain water sheds where a change in the snow line 
can make a considerable difference in the area contributing 
to runoff. 

1. Remarks 

The remarks section of the RAREP is one of the most important parts 
of the message. Here the radar meteorologist includes pertinent 
remarks dealing with reported echoes or supplementary data gathered 
from other sources. The radar meteorologist is encouraged to 
include any or all information or interpretations he feels are 
pertinent. This is a particularly difficult task for the radar 
meteorologist since he must have the astuteness to include data 
that serves the needs of various meteorological and hydrological 
programs and still keep the message short and concise. 

III - RAREPS FROM OTHER THAN WEATHER BUREAU RADARS 

Because of the lack of complete weather radar coverage, particularly 
in the West, we have encouraged the collection of radar information -~ 
from cooperative-agencies. These agencies include the Air Defense ._) 
Command, Federal Aviation Agency and Universities. Radar reports 
from these agencies are · usually collected by local Weather Bureau 
offices an~when appropriate, disseminated over long-line teletype 
networks. In the West where RAWARC is not yet available, these 
reports are filed on Circuit A during scan periods. 

Radar reports from cooperative agencies have proven to be most 
useful, particularly in regions of sparse data; however, the user 
should be careful in interpretating these reports. For example, 
reports are taken by operators who for the most part are unskilled 
in meteorological interpretation and analysis. Further, the 
radar systems employed are not always designed for detecting and 
measuring meteorological targets. As a result the radar report 
usually provides little more than the fact that a meteorological 
target exists and some idea of its areal extent and movement. 
It should be emphasized that in most cases the RAREPS from cooper-
ative agencies are observed, coded and filed without the expertise c 
of a qualified radar meteorologist. However, this fact should not 
deter us from gathering all radar information we can from cooperative 
agencies, since even a little information is better than none. 

--- ~-- ~~~~--~-~--------~-~~-~ . 
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IV - ARTC RADAR - SALT LAKE CITY 

One exception in regard to the quality and completeness of radar 
reports from cooperative agency radars will be those disseminated 
from the Salt Lake City Air Route Traffic Control Center beginning 
early in the summer of 1966. The weather radar surveillance program 
at the ARTC Center will be conducted by a fully qualified staff 
of Weather Bureau Radar Meteorologists. While the FAA radars 
are not equal to the Weather Bureau's WSR-57 radar in regard to 
weather detection, their capabilities when coupled with other 
data such as pilot reports and expert analysis techniques 
employed by radar meteorologists will combine to provide radar 
reports of considerable value. Figure 5 shows the approximate 
area of radar coverage provided by radar systems monitored at the 
Salt Lake City ARTC. The seven radar systems afford us the oppor­
tunity to composite echo data over this vast area showing small 
synoptic scale systems in their entirety. (See figure 6.) Radar 
reports from this facility will of necessity be somewhat different 
than those from other radar stations. These reports will be in 
narrative form describing the entire composited radar returns. 
An example of such a report is included in Figure 7. In addition 
radar data will be transmitted from the ARTC Center via closed 
facsimile loop to the Salt Lake City Forecast Center. 

~~---------~~--- --- ~--~--~--------
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COND~•~ED EXPLANATION OF RAREP (SD) CODE v 
LOCATION I TIME OF 

IDENTIFIERS REPORT * 
CHARACTER 

OF ECHOES 
WEATHERAND IINTEN~ITY 

INTENSITY TENDENCY 

LOCATION AND DIMENSIONS OF ECHOES 

EFFECTI\_}ECEMBER 1, 1962 

MOVEMENT HEIGHT REMARKS ON UNUSUAL ECHO FORMATIONS 

DC A I1612ISPL. REA®I TRW-I/+ 316/83 187/80 60WI +-30 TOPS 350 3/4 INCH HAIL 310/45 
DECODED REPORT 
Washington NatioMI Airport. Spedol observatim ot 1612, broken oreo of ee:hoes 
e:ontaining thunderstonns produe:ing light rein showers ot the surlae:e. These 

II'J.TENSITY TENDENCY DIMENSIONS OF ECHOES I HEIGHT 
TENDENCY c_ONTRACTIOH Width (W) or diameter (D) in nouticg] miles. 

ee:hoes are slowly ine:reasing in intensity. Area extends from 316°83 nautkal Increasing·········································· + 
mile.r. to 187"80 nautical miles, is 60 Mutkol miles wide, moving from the west Undlanging ....................... : .... ············· .NC Mean width of lines or spiral bonds cmd mean 
Cit 3D knots. Tilp of the deteetoble moisture is 35,000 feet MSL. Hail 3/4 ineh Dee:reosing .......................................... - diameter of cells or roughly dre~lar areas 
diameter was report!HI in the echo ot 310/45. Slo~ly ................................................ - . .or.e reported. T~e ~veroge d1amete! of 

· Rapidly............................. ................ + ond1v1dual echoes wothon on oreo ore g1ven 
The obove report is for the echo area in radarscope picture. The slosh mork (/) New ................................................... NEW os AVG D. 
is used to. separate the intensity ~;~/the echo from the intensity tendency. The.se symbols o;';;n be ·used together. Fo~ excmple: MOVEMENT 
TIME 0 f REPORT ine:reosing rapidly would bt"..-+,dec:reaslog slowly--

Height of top of ee:h~;~ in hundred~ of feet obove mean sea level. 

UNUSUAL ECHO FORMATION 
c;rtain types of severe stanns produee distinctive patterns on 
the rodor scope. For exgmple, the h~;~ok-shopd echo ossoc:ioted. 
with tornadoes and the spiro! bands with hurricanes. The bright 
bond is a narrow horizgnfgl Ioyer of intensified radar signal g 
short distance below the 0° C isotherm(Melting level) 

. · · Direction to 16 points of the eomposs from 
T~~e of ~bservotio~. (24-hour ~lock) in G!e.enwie:h _Mean whie:h, and speed in knots with whie:h, the OPERA Tl ON A l STATUS 
T1me. G1ven only 1n observotoons contom1ng hurncone echo is moving. I doto,cm important e:henge in· ee:ho pattern, or tran.smille~ out of the RAWARC scan period. STATUS CONTRACTION 

CHARACTER Of .ECHOES R E (1) Equipment pe.fonncmc:e normal on PPI scan; ee:hoes not observed ........... PPINE 

CHARACTER DEFINITION CONTRACTION A C (2) Equipment out of service lor maintenance resulting in loss ..................... PPIOM 
of PPI presentation. ( Theeontraction is followed by o figure 

Isolated ech~;~ .................... lsol~;~ted solid mess of echo ........................ CELL r H to indicate the number uf hours that the equipment is expected 
to be inoperative.) 

J,. Q (3) Equipment inoperative owing to breakdown, resulting in loss............... PPINO R of or faulty PPI presentation. 
Widely scattered oreo ......... An a reo less than 1/10 e:overed with echoes ... AREA WDL Y- CD 

,Scouered areg ................. An area 1/10 to S/10 covered wilh echoes ..... AREA <D 
Br~;~ken oreo .................... An oreo 6/10 to 9/10 covered with echoes ..... AREA <I[) 
Solid oreo ...................... An oreo solidly e:overed with echoes ............. AREA~ 

~~-. m 
scattered echoes ............ (See widely se:ottered oreo) ......................... LN WOLY \lll 

Line of scotter!HI echoes .. (See scattered area) .................................. LN i 
Line of broken echoes ...... (See broken oreo) .... : ................................. LN 

Solid line of ee:hoes ......... (See solid area) ...................................... LN 

Spiral-bond .................... Curved line of ee:hoes which occur in 
connection with o hurricane ....................... ~SPRL BAND 

s 
c 
0 
p 
E 

Loyer o]gft ................... . 

Persisting e<:ho .............. An_. echo of moderat~r. greater intensity ILO CATION Of ECHOES 
wh1eh has moved very l1ttle or none . · . . . . 
during post one or more hours ........................... PRSTS 2 HRS Loco-lions of echoes ore relative tg the stol•on. The Dz:1muth, 1n degrees 

Ee:ho from preeipitotion Ioyer not reaching ground .. LYR. ALF ,'~e, and distanee, in noutic~;~] mil~!;s, to salient points of the ee:ho are 
g!VCII. 

NOTE: 

1. The echo pottem will be d~;~ssified os o line only if the ee~aes ore arrayed in o 
reeognitttble or organiud line :sudl os might be reflected from g fquoll line or 

·front. 

NOTES: 

1. If the echoes are arranged in o straight line, the azimuth ond distance 
to the ends gf the line will be given. 2. Spiral bands will be raported mainly with -storms of tropie:ol grigin .. 

3. Persisting edloes ore i~dtc:oted in r.morks. 2. If thCI echoes ore arranged in o c:urved line, or in spiral bcmds, the 

WEATHER SYMBOLS uimuth and diStonee will be given taos mCiny points on the longi-
E S EET ' · - W S tudinol center of the line or bends as ore necessary to establish 

L SW SNO HOWERS ·their shape. 
L DRIZZLE T THUNDERSTORMS . . --· __ 
RW RAIN SHOWERS S SHOW 3. If on irregularly shaped area is eovered by echoes, the g~;i'!lulh and 
R RAIN range to salient points on the perimeter of the ee:ha will be iepo'rted 

INTENSITY 
Very Light - -
Light -
Maderote .No Sign 

Hegvy + 
Very Heavy + + 

U. S. DEPARTMDIT OF COMMERCE 
Figure 1 

as necessary.f.9 outline generally the contour of the clear-cut echo 
or eo. 

4. If a Sin.jle echo, sueh as a ·thunderstonn cell gr On--,oreo of ec:hoes 
gf roughly eirculgr shape is observed, the azimuth and range Ia the 
center of the cell or area will be reported: 

WEATHER BUREAU 

p. {4) Nonnol operation on PPI scan is cgnlinuing.or resumed .......................... PPIOK 

A (5) Ob~ervgtio~ omitted lor o ~eo~ ~;~the; thon° tho.se above, or ..................... PPINA T not ovoiloble. 

T 
(6) Antenna not operating on RHI sc:on; e<:ho altitude measurements ............. RHINO 

not available. ' 

E 
R 
N 

tn A-scope or AIR indic:~;~tor not operating ............................................... 'ARNO 

(8) Roder operating below perfonnonce standards .... _ ................ , ........... ROBEPS 

A co'ntroctian .pertaining w the operati~;~~~i status of the equipment is sent os required 
by the table above. In the ~;~bove list, "PPI" refers to the rodorsc:ope (Pion P~;~sition 
lndiegfgr); the odditionolletters refer to "no echo" (NE), "equipment not gperating" 
(NO),~ ett: .. 

iGENERAL NOTES 

Doto will be r.eported ond tronsmitted to the elden! thotthey 
ore avoiloble. ·Additional data may be appended to the report 
i'lthe form of "remarks" using stondofd phrose e:ontraetions. 

1f1 lndicotes ~the ~epart·eantoins an important change in ec:ho pgttems. 

WASHINGTON 25, D. C. 

USCOWM-WB-DC 
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rtAIIGE 50 nm 
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FIGURE 3 

Radar Sample Volume 

RANGE 100 nm 
Diameter 2° 
beam 21,000 rt 
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